SERIES  3 
ISSUE  357 


WAVE  RESEARCH  LABORATORY 


WAVE,  LONGSHORE  CURRENT 
AND  BEACH  PROFILE  RECORDS 
FOR  SANTA  MARGARITA  RIVER  BEACH 
OCEANSIDE,  CALIFORNIA  - 1949 


R.  L.  WIEGEL 
D.  A.  PATRICK,  CEC,  USN 
H.  L.  KIMBERLEY,  USN 

NOVEMBER  1953 


UNIVERSITY  OP  CALIFORNIA 
College  of  Engineering 
Submitted  under  Contract  N7onr-295(z8) 
with  the  Office  of  Naval  Researoh  (NR  083-008) 
and  the  Bureau  of  Ships,  Index  No.  HE  120219-6 


Institute  of  Engineering  Research 
Waves  Research  Laboratory 
Technical  Report 

Series  3 Issue  357 


WAVE,  LONGSHORE  CURRENT,  AM)  BEACH  PROFILE  RECORDS  FOR 
SANTA  MARGARITA  RIVER  BEACH,  OCEANSIDE,  CALIFORNIA,  1949 


by 

R.  L.  Wiegel 

D.  A.  Patrick,  CEC,  USN. 

H.  L.  Kimberley,  USN. 


Berkeley,  California 
U0V6uu'»6r  » 1953. 


It 


University  of  California 
Institute  of  Engineering  Research 
Series  3 Issue  357 

WAVE,  LONGSHORE  CURRENT,  AND  BEACH  PROFILE  RECORDS  FOR  SANTA 
MARGARITA  RIVER  BEACH,  OCEANSIDE,  ~ CALIFORNIA,  1949. 

by 

R.  L.  Illegal,  D.A.  Patrick,  and  K.L.  Kimberley 


INTRODUCTION 


In  the  course  of  an  oceanographic  study  by  the  University  of 
California  in  conjunction  with  the  U»S»  Marine  Corps,  measurements  and 
observations  were  made  of  waves,  longshore  currents,  and  beach  condi- 
tions in  the  vicinity  of  the  Santa  Margarita  River  at  Oceanside,  California 
(Figure  i).  These  data,  covering  a period  of  ten  months,  are  presented 
for  the  purpose  of  making  available  to  the  oceanographer  and  geologist  the 
type  of  field  information  which  is  almost  non-existent.  To  the  authors' 
knowledge  the  only  ether  published  study  of  this  type  which  presents  data 
oollected  ever  a relatively  long  interval  was  made  along-side  the  pier  of 
the  Scripps  Institution  of  Oceanography  (SHEPARD  AND  LAFOND,  1940). * 

WAVE  RECORDS 

A thermopile  wavs  meter  (ISAACS  AND  WIEGEL,  1950)  was  used  as 
the  underwater  pressure  pickup  unit.  It  consisted  of  a synthetic  rubber 
bellows  mounted  on  a plastic  base  with  an  encased  tnermopile.  The  hot 
junctions  of  the  thermopile  were  in  contact  with  the  air  in  the  bellows, 
while  the  cold  junotions,  insulated  from  the  air  chamber  in  the  bellows, 
were  in  thermal  oontact  with  the  surrounding  sea  water.  The  pickup  unit, 
looated  approximately  forty-two  hundred  feet  offshore  in  about  forty-threo 
feet  of  water  below  Mean  Lower  Low  Water,  was  connected  by  a submarine 
cable  to  a commercial  recording  self-balanoing  potentiometer  which  was 
located  on  shore. 

In  addition  to  the  automatically  recorded  wave  characteristics, 
obtained  for  two  weeks  in  March,  1949,  and  then  almost  continuously  from 
May  through  the  middle  of  January,  1950,  observations  were  made  of  the 
angle  the  breakers  made  with  the  beach,  thus  giving  a feir  indication  of  the 
wave  direction.  Beoause  of  the  location  of  Santa  Margarita  River  Beach, 
about  the  only  waves  of  any  significance  oame  from  a small  sector  due  West,  or 
from  a southerly  direction,  with  the  exception  of  those-  xrom  near-coastal 
storms,  (TODD  and  WIEGEL,  1952) 


The  records,  analyzed  for  a twenty  to  thirty  minute  interval  every 
eight  hours,  are  presented  in  Figure  2.  The  primary  data  are  the  average 
wave  period  and  the  "unrefraoted"  deep  water  height  of  the  highest  one- 
third  of  the  waves,  the  so-called  "significant  waves".  The  torn  "unrefrac- 
tad*  wave  height  refers  to  the  height  the  waves  would  have  had  in  deep  water 
if  unaffected  by  refraction,  and  it  is  related  to  the  height  in  transitional 
water  (WIEGEL,  1953)  by  the  following  equation  (HYDROGRAPHIC  OFFICE.  1944 
and  WIEGEL,  1948) s 

F;  - H/V  Co  / 2nC  (!) 

where  d0/C  = 1 tank  (2tt  d/L)  and  n « £ [ l i ] 

H - wave  height  at  location  of  wave  meter 
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H0  = unrefracted  deep-water  wave  height 
C * wave  velocity 

C0  ■ deep  water  ware  velocity 

L : wave  length 

d * water  depth 

The  wave  steepness  also  is  presented  in  Figure  2,  as  laboratory  studies  have 
indicated  that  it  is  this  wave  characteristic  which  is  most  closely  related 
to  the  phenomena  of  changes  in  beach  profile  and  the  movement  of  sand  onto 
and  off  of  beaches  (BEACH  EROSION  BOARD,  1336;  JOHNSON,  1949s  and  3A77.LLB, 
1950) o The  steepness  is  chs  ratio  of  the  unrefracted  deep-water  wave  height 
to  the  deep-water  wave  length,  Ho/L0,  where  the  deep-water  wave  length  is 
given  by  the  following  aquation j 

....  —9  j.  _ ■ - 

i-o  ” fei-/*  It  (ZJ 

where  Lo  = deep  water  wave  length 

g = aooeleration  of  gravity 
T * wave  period 

In  Figure  3 data  on  breaker  conditions  are  presented.  The  direc- 
tions are  visual  observations,  made  almost  daily  excepting  weekends.  Data 
for  both  primary  and  secondary  trains  (if  present)  are  shown.  It  is  empha- 
sized that  the  breaker  direotion  is  not  necessarily  the  same  as  the  deep 
water  wave  direction,  due  to  the  effeot  of  refraction  (See  sketch  at  the 
bottom  of  Figure  3)-  With  tho  exception  of  the  visual  observations  pre- 
sented for  the  month  of  Aprii,  the  breaker  heights  were  computed  from  the 
records  of  the  Thermopile  Wave  Meter  with  the  use  of  empirical  curves 
(HYDROGRAPHIC  OFFICE,  1944).  Subsequent  laboratory  studies  have  shown, 
however,  that  the  breaker  height  depends  upon  the  beach  slope  as  well  as 
the  wave  characteristics  $ however,  for  the  slope  of  the  beach  under  dis- 
cussion (about  1*30),  the  original  empirical  data  are  effectively  the  same 
as  the  latest  published  data  (IYERSEN,  1952) 

In  Table  I are  presented  the  times  that  the  deep  water  ’wave  heights, 
the  average  periods,  the  wave  steepnesses,  and  the  breaker  heights  and  di- 
rections were  within  certain  ranges  of  values.  It  can  readily  be  seen  that 
unrefracted  deep-water  heights  were  rarely  above  four  feet  and  the  breakers 
rarely  above  six  feet.  Most  of  the  predominant  waves  (i«e.,  the  "primary" 
trains)  were  from  a southerly  direction. 

LONGSHORE  CURRENTS 


Observations  of  the  longshore  currents  wore  made  nearly  every  week 
day  during  a large  part  of  the  time.  This  was  done  by  throwing  a small 
package  of  dye  into  the  surf  and  measuring  the  distance  the  dyed  water  moved 
in  one  minute  (about  the  maximum  length  of  time  the  dye  could  be  traced 
before  it  dispersed  almost  completely).  The  data  on  magnitude  and  direotion 
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are  shown  in  Figure  3 and  are  presented  in  Table  I as  the  time  the  measurements 
were  within  certain  ranges  of  values.  It  can  be  seen  that  the  direction  of 
longshore  movement  generally  corresponded  to  the  direction  of  the  primary 
trains  of  breakers.  On  a few  occasions,  however,  the  direction  corresponded 
to  the  direction  of  the  secondary  train.  This  was  because  the  magnitude 
of  the  longshore  current  depends  directly  upon  the  breaker  height,  but  in- 
versely with  the  periods  thus,  the  short  period  ^ves  from  the  near-coastal 
storms  were  sometimes  Biore  important  than  the  larger  lcng~pcrlcd  graves 
coming  from  another  direction,  insofar  as  longshore  currents  are  concerned. 
(PUTNAM,  MUM  and  TR1TL0R,  1948  * INMAN  and  QUINN,  1951) 

BEACH  CONDITIONS 


The  interaction  of  the  aver  varying  surf  and  the  material  of  which 
a beach  consists  causes  constantly  changing  beach  conditions.  In  order  to 
obtain  data  on  this  phenomenon,  beach  profiles  were  taken  at  about  two 
week  intervals  (Figure  5).  Range  lines  were  established  along  the  beach  as 
shown  in  Figure  4;  however,  only  ranges  7 + 50,  1*  + 50  and  17  4-  50  were 
used  continuously.  The  method  of  obtaining  profiles  through  the  surf  by 
means  of  a DCKW  and  leadline  has  been  described  elsewhere  (FA1KICN,  1952). 

In  addition,  samples  of  sand  were  analysed  for  mechanioal  size  distribution 
and  mineralogieal  content,  (figure  7). 

There  are  basically  three  types  of  beach  changes.  The  first  is  the 
long-range  change  which  dpends  upon  changing  sand  supply  and  changing  me- 
teorological conditions.  The  second  is  the  seasonal  change  due  to  long  in- 
tervals of  high  surf  during  "winter"  meteorological  conditions,  long  inter- 
vals of  low  surf  during  "summer"  meteorological  conditions,  and  increased 
sand  supply  from  flooding  rivers.  The  third  is  the  short  time  change  due  to 
rapidly  changing  surf  conditions,  such  as  when  a near-coastal  wind  generates 
short  high  waves  during  a period  of  normally  long  low  waves. 

Ihe  data  have  been  presented  in  two  figures.  In  Figure  5 are  presented 
the  profiles,  measured  to  a depth  of  about  twenty-five  feet  below  Mean  Lower 
Low  Water.  In  Figure  6 are  shown  (using  a larger  scale)  the  profiles  of  the 
beach  face. 

It  can  be  seen  that,  in  general,  the  width  of  the  berm  increased 
during  the  summer  months  and  decreased  during  the  winter  months.  However, 
the  three  sets  of  profiles  were  not  consistent.  For  example,  considerable 
sand  was  deposited  on  the  teach  face  on  Range  7+50  between  2 September 
1949  and  16  September  1949,  while  erosion  took  plaoe  between  16  September 
and  2 9 September  1943 * on  Range  12  fr  50  a slight  amount  of  orosion  occurred 
between  2 September  and  16  September  1949  as  well  as  between  16  September 
and  29  September  1949;  and,  on  Range  17  + 50  there  was  some  slight  deposition 

between  2 September  and  16  September  1949  and  seme  slight  deposition  between 

16  September  and  2?  September  1949.  Some  of  these  apparent  discrepancies  can 

ba  explained  by  the  presence  of  cusps  on  the  beach  during  some  periods  of 

time;  thus,  one  profile  may  be  across  the  ridge  of  a cusp,  while  another 
across  the  hollow  of  a cusp.  This  condition  makes  it  very  difficult  to  ob- 
tain an  accurate  picture  of  what  is  happening  unless  a large  number  of  ranges 
are  surveyed.  Certain  changes  were  of  such  a magnitude,  however,  that  they 
were  observed  along  all  three  ranges;  for  example,  between  12  December  1949 


and  21  December  1940  a near-coastal  storm  occurred  and  severe  erosion  took 
place  along  the  entire  beach,  and  a pronounced  scarp  was  formed. 

One  point  appears  of  interest,  although  -chore  is  an  unfortunate  lack 
of  data,  that  is  the  increase  of  sand  on  the  beach  face  during:  January.  It 
will  be  noted  that  in  January  1949  on  Range  7 50  and  in  January  i960,  on 

Range  12  ^ 50  (the  only  ranges  which  wore  sounded)  there  was  a seaward 
building  of  the  beach  face.  It  will  be  further  noted  that  during  January 
1950  the  waves  were  very  low.  Unfortunately  there  were  no  wave  measurements 
made  during  January  1949. 

The  three  series  of  offshore  profiles  were  more  consistent  them 
were  the  series  of  onshore  profiles.  Ic  can  be  seen  that  although  a dis- 
tinct bar  was  often  lacking,  there  usually  was  a step  present,  but  almost 
never  was  there  a time  when  neither  bar  nor  step  was  present.  It  can 
further  be  seen  that  although  the  profiles  were  constantly  changing,  they 
were  always  within  rather  remarkably  narrow  limits.  The  total  vertioal 
variation  at  anv  distance  offshore  was  always  less  than  olus  or  minus  four 
feet  from  the  mean.  It  appears  as  if  the  beach  never  reaches  an  equilib- 
rium condition  in  the  true  sense  of  the  word,  but  rather  is  in  dynamio 
equilibrium. 

Because  of  the  relationship  between  wave  steepness  and  beach  profile 
found  in  laboratory  work  (BEACH  EROSION  BOARD,  ISSoj  JOHNSON,  1949;  and 
SAVILLE,  1950)  a similar  relationship  was  sought  from  these  data.  Although 
no  definite  relationship  was  found,  it  is  believed  that  the  two  week  in- 
tervals between  profiles  was  so  large  that  adequate  data  were  not  available. 

The  laboratory  studies  have  shown  that  for  waves  steeper  than  0.03 
the  ^storm"  profile  existed  (that  is,  a bar  formed),  and  for  values  less 
than  0.025  no  bar  was  present,  while  for  values  of  wave  steepness  in  between 
the  profiles  were  unstable.  It  is  readily  apparent  that  this  is  not  the  case 
in  the  data  measured  at  Santa  Margarita  River  Beach.  In  fact,  the  wave 
steepness  never  come  near  the  critical  value  of  0.03  and  a bar  or  a 3tep 
usually  was.  present.  The  greatest  wave  steepness  measured  was  about 
0.008  and  it  was  seldom  above  0.003.  If  the  criteria  are  correct,  then  the 
reason  they  do  not  seem  to  apply  to  natural  beaches  may  ber  (l)  the  beach 
is  never  in  equilibrium,  or  (2)  the  waves  in  nat  ui  6 eiro  ^ui  06  variable  and 
the  highest  during  a storm  may  well  bs  steeper  than  the  values  shown,  which 
are  those  of  the  "significant  wave. 
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Ae»ia!  photograph  of  operating  area, 
Santa  Margarita  River  Beach,  Oceanside,  Calif. 
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CUMULATIVE  PERCENTAGE  BY  WEIGHT  RETAINED 
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